Up to now, most of the studies in quantum optics have focussed on single mode beams and on their temporal fluctuations. In the new born quantum information field, such beams can be considered as single channel information signals. On the opposite for mltirnode beams, each transverse mode can play the role of a single channel, allowing the processing of parallel information. Transverse quantum optics, considering not only temporal but also spatial fluctuations, makes it possible to exploit at the same time the quantum aspects and the intrinsic parallelism of light. This is one reason why, in the last years, the interest on quantum transverse properties of light has grown, leading to the field of "quantum imaging".
An optical image can be defined as an optical beam whose transverse intensity andlor phase distribution is non-trivial and hence carries information. At the quantum level, the same definition can be applied to the spatial repartition of quantum fluctuations of the light. A 'quantum image' (or a quantum transverse multimode beam) is a beam of light described by a quantum state decomposed on several transverse modes, possibly entangled. ?he description of the quantum image will consist a the analysis of the quantum noise properties of each mode and of the correlations between the modes. In the traditional single mode quantum optics, one detects whole beams to compute their noise and their correlation. In transverse quantum optics one detects small parts of the beams and measures local noise or spatial correlations between different parts of the beams. A necessary condition for obtaining spatial quantum effects with such a partial measurement is to use multimode non-classical beams. We have developed mathematical and experimental criteria ensuring whether the beams are really multimode or not. For such beams, there does not exist any basis where they can be expressed as a single complex mode, and the transverse distribution of fluctuations is not uniform.
We have designed an experiment, in the continuous wave regime, in order to produce and analyze images at the quantum level. This system is based on an Optical Parametric Oscillator (OPO), and uses the fact that parametric downconversion produces signal and idler photons, which are correlated in time and position, all the quality required to produce a quantum image. The crystal is placed in a transverse degenerate optical cavity, which preserves the spatial properties of the parametric process. In this paper, we study more specifically the confocal cavity, which is resonant for all transverse modes of the same parity. . We have shown that such an OPO produces optical patterns at the classical level (ref. 1). We have then studied the transverse repartition of the noise correlation between signal and idler in order to illustrate their multimode operation at the quantum level (ref 2). By showing that the distribution of intensity correlations inside the signal and idler patterns is non uniform, more precisely that the outer part of the patterns is more correlated than their center, we have given an experimental evidence that the emitted fields are at the same time multimode and nonclassical. This specific feature can be used in image information processing, for example in the noiseless amplification of images in the continuous wave regime.
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